SOLID-STATE IMAGE PICKUP DEVICE 



BACKGROUND QF THE INVENTION 

The present invention relates to a solid-state image 
pickup device which can increase light-gathering efficiency to 
a light receiving sensor unit to enhance the sensitivity 
characteristic thereof . 

Recently, solid-state image pickup devices have made 
further progress in a compact design and a high-density design 
of pixels, and this progress in the microstructure design has 
caused reduction in the light receiving area in which light is 
received, thereby inducing degradation of characteristics such 
as reduction in sensitivity, etc. As a countermeasure to the 
reduction in sensitivity, it has been proposed and practically 
used to provide an on-chip lens or an in-layer lens to enhance 
the light gathering efficiency at the light receiving sensor 
unit . 

However, a solid-state image pickup device in which an 
in-layer lens is formed of material having high refractive 
index has the following problem. 

In the case where the in-layer lens is formed of P-SiN 
having a refractive index of about 2.0 (silicon nitride based 
on the plasma CVD method) , since a color filter layer formed 
on the in-layer lens usually has a refractive index of about 
1.6, there is large difference in refractive index between the 
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in-layer lens and the color filter layer, and thus reflection 
occurs at the interface between the in-layer lens and the color 
filter layer, so that the sensitivity characteristic is reduced. 
The reflection due to the difference in refractive index is 
inherently introduced from the wave equation. 

An interlayer film which is subjected to a reflow 
treatment, etc. is formed under the in-layer lens, and BPSG 
(boron phosphorus silicate glass) having a refractive index of 
1 . 45 or the like is normally used as the interlayer film because 
it is subjected to the reflow treatment, etc. Accordingly, as 
in the case of the refractive index difference between the 
in-layer lens and the color filter layer, the large difference 
in refractive index occurs between the in-layer lens and the 
interlay film and reflection also occurs at the interface 
therebetween, so that the sensitivity characteristic is 
reduced. 

SUMMARY OF THE INVENTION 

The present invention has been implemented in view of the 
foregoing situation, and has an object to provide a solid-state 
image pickup device which can prevent reflection between an 
in-layer lens and an upper layer or lower layer thereon or 
thereunder to enhance the light gathering efficiency, thereby 
enhancing the sensitivity. 

In order to attain the above object, according to a first 
aspect of the present invention, a solid-state image pickup 
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device comprises: a light receiving sensor portion which is 
provided in a surface layer portion of a substrate and performs 
photoelectric conversion; an in-layer lens which is provided 
in a layer above the light receiving sensor portion and 
converges incident light to the light receiving sensor portion, 
and a color filter layer which is provided through an 
antiref lection film on the in-layer lens, wherein the 
antiref lection film is formed of material having a refractive 
index which is an intermediate value between the refractive 
index of the in-layer lens and the refractive index of the color 
filter layer. 

The solid-state image pickup device may further include 
a charge transfer portion which is provided in the surface layer 
portion of the substrate and transfers signal charge read out 
from the light receiving sensor portion, and a transfer 
electrode which is provided through an insulation film on the 
substrate so as to be located substantially just above the 
charge transfer portion. 

The solid-state image pickup device may further include 
an on-chip lens at the upper side of the color filter layer. 

The solid-state image pickup device may further include 
an interlayer film which is provided below the in-layer lens 
through another antiref lection film below the in-layer lens, 
wherein the other antiref lection film is formed of material 
having a refractive index which is an intermediate value 
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between the refractive index of the in-layer lens and the 
refractive index of the interlayer film. 

According to the solid-state image pickup device of the 
first aspect of the present invention, the upper antiref lection 
film is formed between the color filter layer and the in-layer 
lens, the film being formed of the material having the 
refractive index which is an intermediate value between the 
refractive index of the color filter and the refractive index 
of the in-layer lens. Therefore, even when the difference in 
refractive index between the color filter layer and the in- 
layer lens is large, the color filter layer and the in-layer 
lens are not directly bonded to each other. Accordingly, there 
is no interface therebetween, and there exist only the 
interface between the color filter layer and the upper 
antiref lection film, the refractive index difference of which 
is smaller than the refractive index difference between the 
color filter layer and the in-layer lens, and the interface 
between the upper antiref lection film and the in-layer lens, 
the refractive index difference of which is also smaller than 
the refractive index difference between the color filter layer 
and the in-layer lens. Accordingly, by providing the upper 
antiref lection film, the interface having a large refractive 
index difference is changed to the interface having a small 
refractive index difference, so that there does not occur any 
reflection which would occur if the interface having the large 
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refractive index difference exists. 

According to a second aspect of the present invention, a 
solid-state image pickup device includes: a light receiving 
sensor portion which is provided in a surface layer portion of 
a substrate and performs photoelectric conversion; an 
interlayer film formed on the light receiving sensor portion; 
and an in-layer lens which is provided on the interlayer film 
and converges incident light through an antiref lection film to 
the light receiving sensor portion, wherein the antiref lection 
film is formed of material having a refractive index which is 
an intermediate value between the refractive index of the 
in-layer lens and the refractive index of the interlayer film. 

The solid-state image pickup device may further include 
a charge transfer portion which is provided in the surface layer 
portion of the substrate and transfers signal charge read out 
from the light receiving sensor portion, and a transfer 
electrode which is provided through an insulation film on the 
substrate so as to be located substantially just above the 
charge transfer portion. 

The solid-state image pickup device may further include 
a color filter layer disposed above the in-layer lens. 

The solid-state image pickup device may further include 
an on-chip lens disposed above the in-layer lens. 

In the solid-state image pickup device, the color filter 
layer is provided through another antiref lection film on the 
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in-layer lens, and the other antiref lection film is formed of 
material having a refractive index which is an intermediate 
value between the refractive index of the in-layer lens and the 
refractive index of the color filter layer. 

According to the solid-state image pickup device of the 
second aspect of the present invention, the lower 
antiref lection film is formed between the in-layer lens and the 
interlayer film, the lower antiref lection film being formed of 
the material having the refractive index which is an 
intermediate value between the refractive index of the in-layer 
lens and the refractive index of the interlayer film. Therefore, 
even when the difference in refractive index between the 
in-layer lens and the interlayer film is large, the in-layer 
lens and the interlayer film are not directly bonded to each 
other. Accordingly, there is no interface therebetween and 
there exist only the interface between the lower antiref lection 
film and the in-layer lens, the refractive index difference of 
which is smaller than the refractive index difference between 
the in-layer lens and the interlayer film, and the interface 
between the lower antiref lection film and the interlayer film, 
the refractive index difference of which is also smaller than 
the refractive index difference between the in-layer lens and 
the interlayer film. Accordingly, by providing the lower 
antiref lection film, the interface having a large refractive 
index difference is changed to the interface having a small 
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refractive index difference, so that there does not occur any 
reflection which would occur if the interface having the large 
refractive index difference exists. 

According to a third aspect of the present invention, a 
method of manufacturing a solid-state image pickup device 
comprises the steps of: forming in a surface layer portion of 
a substrate a light receiving sensor portion for performing 
photoelectric conversion, a charge transfer portion for 
transferring signal charge read-out from the light receiving 
sensor portion, and forming a transfer electrode through an 
insulation film substantially just above the charge transfer 
portion on the substrate; depositing an interlayer film so as 
to cover the transfer electrode; conducting a heat treatment 
under a predetermined condition to form a recess portion; and 
forming an antiref lection film along the upper portion of the 
recess portion, wherein the antiref lection film is formed of 
material having a refractive index which is an intermediate 
value between the refractive index of the in-layer lens and the 
refractive index of the interlayer film, and wherein the 
in-layer lens is formed on the antiref lection film so that the 
lens material is filled in the recess portion, and then the 
surface thereof is flattened. 

In the above method, a color filter layer may be formed 
above the in-layer lens. 

In the above method, an on-chip lens may be formed above 



the in-layer lens. 

The above method may further comprises the steps of 
forming another antiref lection film on the in-layer lens, and 
forming a color filter layer on the other antiref lection film, 
wherein the antiref lection film is formed of material having 
a refractive index which is an intermediate value between the 
refractive index of the in-layer lens and the refractive index 
of the color filter layer. 

BRTF.F DRSCRTPTTON OF THF DRAWINGS 
Fig. 1 is a cross-sectional view showing the construction 
of the main part of an embodiment of a solid-state image pickup 
device according to the present invention; and 

Figs. 2A to 2F are cross-sectional views showing a series 
of manufacturing steps to manufacture the solid-state image 
pickup device according to the embodiment shown in Fig. 1. 
DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENT 
A preferred embodiment according to the present invention 
will be described hereunder with reference to the accompanying 
drawings . 

Fig. 1 shows an embodiment of a solid-state image pickup 
device according to the present invention. In Fig. 1, reference 
numeral 1 represents a solid-state image pickup device, and 
reference numeral 2 represents a silicon substrate (base) . A 
light receiving portion (not shown) for performing 
photoelectric conversion is formed on the surface layer portion 



of the silicon substrate 2 shown in Fig. 1, and further a hole 
accumulation portion (not shown) is formed on the light 
receiving portion. The light receiving portion and the hole 
accumulation portion constitute a light receiving sensor 
portion 3 having HAD (hole accumulation diode) structure. 

A charge transfer portion 5 is formed through a read-out 
gate 4 at one side of the light receiving sensor portion 3, and 
another charge transfer portion 5 is formed though a channel 
stop 6 on the other side of the light receiving sensor portion 
3. With such a structure, signal charge which is obtained 
through the photoelectric conversion in the light receiving 
sensor portion 3 is read out through the read-out gate 4 to the 
charge transfer portion 5, and further transferred by the 
charge transfer portion 5. 

Further, an insulation film 7 which is formed of Si0 2 by 
a thermal oxidation method, a CVD method or the like is provided 
on the surface portion of the silicon substrate 2. The 
insulation film 7 may be a laminate film having a so-called 0N0 
structure comprising Si0 2 film-SiN film-Si0 2 film in place of 
a monolayer comprising an Si0 2 film. 

A transfer electrode 8 of first polysilicon is formed 
substantially just above the charge transfer portion 5, and 
another transfer electrode of second polysilicon (not shown) 
is formed so as to be partially overlapped with the transfer 
electrode 8. Further, a layer insulation film 9 of Si0 2 is 
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formed on the surfaces of the transfer electrodes 8, that is, 
the upper surfaces and the side surfaces thereof so as to cover 
the transfer electrodes 8 and the insulation film 7 on the light 
receiving sensor portion 3 which is exposed to the gap between 
the transfer electrodes 8. 

A light shielding film 10 is formed on the layer insulation 
film 9 so as to cover the transfer electrodes 8* In order to 
prevent searing, a part of the light shielding film 10 forms 
an extension portion 10a which extends to the portion just above 
the light receiving sensor portion 3 so that most of the portion 
just above the light receiving sensor portion 3 is exposed to 
the outside, that is, the portion just above the light receiving 
sensor portion 3 is surrounded by the extension portion 10a so 
that a rectangular opening portion 11 is formed just above the 
light receiving sensor portion 3. Further, since the light 
shielding film 10 is subjected to a reflow treatment based on 
a thermal treatment after the light shielding film 10 is formed, 
but before an in-layer lens is formed as described later, the 
light shield film 10 is formed of metal having high melting 
point so as to prevent the light shielding film from being 
adversely affected by the reflow treatment . In this embodiment, 
tungsten (W) is used for the light shielding film 10. 

Further, an interlayer film 12 of BPSG (refractive index: 
1.45) is formed on the light shielding film 10 so as to cover 
the layer insulation film 9 exposed to the light shielding film 



and the opening portion 11. The interlayer film 12 functions 
as a reflow film, and covers the transfer electrodes 8, etc. 
to form a recess portion 12a on the light receiving sensor 
portion between the transfer electrodes 8. The recess portion 
12a is processed through the reflow treatment of the interlayer 
film 12 to have a predetermined curvature which is suitable to 
form the in-layer lens. 

A lower antiref lection film 13 is formed on the interlayer 
film 12 so as to cover the surface of the interlayer film 12. 
The lower antiref lection film 13 is formed of silicon oxide 
nitride (hereinafter referred to as "P-SiON" ) by the plasma CVD 
method, and the refractive index of the lower antiref lection 
film 13 is adjusted to about 1.5 to 1.9, preferably to about 
1.7. The lower antiref lection film 13 is formed to have a 
thickness of about 50 to 300, preferably about lOOnm, so that 
the lower antiref lection film 13 is formed as a thin film having 
a uniform thickness without losing the shape of the recess 
portion 12a of the interlayer film 12, thus without damaging 
the function of the in-layer lens as described later. 

An in-layer lens member 14 is formed on the lower 
antiref lection film 13 so as to be filled in the recess portion 
12a of the interlayer film 12, whereby the in-layer lens 15 is 
formed between the in-layer lens member 14 and the interlayer 
film 12. The in-layer lens member 14 is formed of silicon 
nitride (hereinafter referred to as "P-SiN") by a bias 



high-density plasma CVD method, for example. The refractivity 
index of P-SiN is equal to 2.0, and thus there is the difference 
in refractive index between P-SiN and the lower antiref lection 
film 13, that is, the interlayer film 12. Therefore, incident 
light is reflected to the light receiving sensor portion 3 at 
the interface between the in-layer lens member 14 and the lower 
antiref lection film 13 and at the interface between the lower 
antiref lection film 13 and the interlayer film 12, whereby the 
in-layer lens 15 is allowed to exhibit its function. The 
surface of the in-layer lens member 14 is flattened by a 
well-known resist etch-back method or CMP method (chemical 
mechanical polishing method) . 

Since the refractive index of the lower antiref lection 
film 13 is equal to about 1.5 to 1.9, that is, it is set to an 
intermediate value between the refractive index (1.45) of the 
interlayer film 12 and the refractive index (2.0) of the 
in-layer lens member 14 (in-layer lens 15), the refractive 
index difference at the interface between the in-layer lens 
member 14 (in-layer lens 15) and the lower antiref lection film 
13 and the refractive index difference at the interface between 
the lower antiref lection film 13 and the interlayer film 12 are 
set to be smaller than the refractive index difference between 
the in-layer lens member 14 and the interlayer film 12. 

An upper antiref lection film 16 is formed on the flattened 
in-layer lens member 14. The upper antiref lection film 16 is 



formed of P-SiON as in the case of the lower antiref lection film 
13, and the refractive index thereof is equal to about 1.7 to 
1.9, preferably to about 1.8 as described later. The upper 
antiref lection film 16 also functions as a passivation film, 
and thus the thickness thereof is set to such a value that it 
sufficiently functions as the passivation film. 

A color filter layer 17 is formed on the upper 
antiref lection film 16. The color filter layer 17 is formed 
of resin or the like, and the refractive index thereof is equal 
to about 1.6. 

Accordingly, as in the case of the above-described lower 
antiref lection film 13, the refractive index of the upper 
antiref lection film is set to about 1.7 to 1.9, that is, it is 
set to an intermediate value between the refractive index (1.6) 
of the color filter layer 17 and the refractive index. (2.0) of 
the in-layer lens member 14 (in-layer lens 15) . Therefore, the 
refractive index difference at the interface between the color 
filter layer 17 and the upper antiref lection film 16 and the 
refractive index difference at the interface between the upper 
antiref lection film 16 and the in-layer lens member 14 (in- 
layer lens 15) are set to be smaller than the refractive index 
difference between the color filter layer 17 and the in-layer 
lens member 14. 

Further, a convex on-chip lens 18 is formed of transparent 
resin or the like on the color filter layer 17. The on-chip 
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lens 18 is formed of material having a refractive index of about 
1.5 to 1.6, and it guides incident light through the in-layer 
lens 15 to the opening portion 11 of the light shielding film 
10 so that the incident light is irradiated onto the light 
receiving sensor portion 3. 

In order to manufacture the solid-state image pickup 
device thus constructed, the transfer electrodes 8 are formed 
by the conventional method, then the layer insulation film 9 
is formed so as to cover the transfer electrodes 8, and then 
the light shielding film 10 is formed (as shown in Fig. 2A) . 
The light shielding film 10 may be formed as the same layer as 
wires of a peripheral circuit of the solid-state image pickup 
device 1. 

Subsequently, BPSG as the material of the interlayer film 
12 is deposited by the CVD method or the like so as to cover 
the light shielding film 10, etc., and further subjected to the 
reflow treatment (heat treatment) under a preset condition, 
whereby the recess portion 12a is designed to have such a 
curvature that the in-layer lens 15 has a desired shape (Fig. 
2B) . For setting of the condition of the reflow treatment, the 
optimum shape of the in-layer lens 15 is predetermined by a 
simulation or the like, and further the condition for obtaining 
the optimum shape of the in-layer lens thus predetermined is 
determined by an experiment, a simulation or the like. 

The optimum shape of the in-layer lens 15 is determined 

- 14- 



so that incident light which is incident to the in-layer lens 
15 by the on-chip lens 18 can be suitably refracted in 
accordance with the incident position and the incident angle 
thereof in order to guide the incident light to the opening 
portion 11 of the light shielding film 10. 

After the interlayer film 12 is formed as described above, 
the silicon oxide nitride (P-SiON) film is deposited at a 
thickness of about 50 to 300 nm under such a condition that the 
refractive index thereof is set to about 1.5 to 1.9, preferably 
to about 1 . 7 by the plasma CVD method, thereby forming the lower 
antiref lection film 13 (Fig. 2C) . 

The adjustment of the refractive index is performed by 
suitably adjusting the flow amount ratio of SiH 4 , NH 3 and N 2 0 
which are raw materials. That is, in the case where the flow 
amount ratio of SiH< is set as the reference value, the 
refractive index is increased as the flow amount ratio of NH 3 
is increased, and it is reduced as the flow amount ratio of N 2 0 
is increased. This is because the number of Si-N bonds in P-SiON 
obtained is increased if the amount of NH 3 in the raw materials 
is increased while the number of Si-0 bonds in P-SiON is 
increased if the amount of N 2 0 in the raw materials is 
increased. 

Accordingly, the relationship between the flow amount 
ratio of these raw materials and the refractive index of P- 
SiON may be determined in advance by an experiment or simulation, 



and then the condition for the formation of the lower 
antiref lection film 13 is suitably selected in accordance with 
a desired refractive index. After the lower antiref lection 
film 13 is formed as described above, the in-layer lens member 
14 is deposited/formed while it is filled in the recess portion 
12a of the interlayer film 12 (Fig. 2D) , and then flattened by 
the resist etch-back method or the CMP method (chemical 
mechanical polishing method) to form the in-layer lens 15 (Fig. 
2E) . 

Subsequently, the silicon oxide nitride (P-SiON) is 
deposited on the flattened in-layer lens member 14 (in-layer 
lens 15) under such a condition as to have the refractive index 
of about 1.7 to 1.9, preferably about 1.8 by the plasma CVD 
method, thereby forming the upper antiref lection film 16 (Fig. 
2F) . The adjustment of the refractive index is performed by 
suitably selecting the flow amount ratio of the raw material 
gas in the same manner as described above. 

Subsequently, the color filter layer 17 is formed by a 
coloring method or a color resist coating method, and then the 
on-chip lens 18 is formed. Here, the formation of the on-chip 
lens 18 is performed by using the following etch-back transfer 
method or the like. That is, thermally fusible transparent 
resin or high-density SiN which can be subjected to chemical 
vapor deposition at normal temperature with no heat is 
deposited, and further a resist is formed thereon. Thereafter, 
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the resist is subjected to a thermal reflow treatment to be 
shaped like a convex lens having a desired curvature. 
Thereafter, by using this resist as a mask, the deposition layer 
is etched, and then the resist is removed to obtain the on- 
chip lens 18. 

In the solid-state image pickup device 1 thus obtained, 
the light is converged (gathered) by the on-chip lens 18, 
transmitted through the color filter layer 17 and the upper 
antiref lection film 16 and then incident to the in-layer lens 
15 to be gathered (refracted) again. The light thus gathered 
is passed through the lower antiref lection film 13, incident 
to the opening portion 11 of the light shielding film 10, 
transmitted through the layer insulation film 9 and the 
insulation film 7 and then enters the light receiving sensor 
portion 3 to be subjected to the photoelectric conversion. 

At this time, since the upper antiref lection film 16 is 
provided, the interface between the color filter layer 17 and 
the in-layer lens 15 (in-layer lens member 14) and the interface 
between the upper antiref lection film 16 and the in-layer lens 
15 (in-layer lens member 14) exist between the color filter 
layer 17 and the in-layer lens 15 (in-layer lens member 14), 
so that the interface having a large refractive index 
difference is divided to the interfaces each having a small 
refractive index difference. Accordingly, the reflection 
which would occur if the interface having a large refractive 



index difference exists does not occur at that place- Therefore, 
the reflection which occurs between the color filter layer 17 
and the in-layer lens 15 (in-layer lens member 14) in the prior 
art can be reduced, so that the light gathering efficiency can 
be enhanced and thus the sensitivity can be enhanced. 

Further, since the lower antiref lection film 13 is 
provided, the interface between the in-layer lens 15 (in-layer 
lens member 14) and the lower antiref lection film 13 and the 
interface between the lower antiref lection film 13 and the 
interlayer film 12 exist between the in-layer lens 15 and the 
interlayer film 12, so that the interface having a large 
refractive index difference is divided to the interfaces each 
having a small refractive index difference. Accordingly, the 
reflection which would occur between the in-layer lens 15 
(in-layer lens member 14) and the interlayer film 12 if the 
interface having a large refractive index difference exists 
does not occur at that place. Therefore, the reflection which 
occurs between the color filter layer 17 and the in-layer lens 
15 (in-layer lens member 14) in the prior art can be more greatly 
reduced, so that the light gathering efficiency can be enhanced 
and thus the sensitivity can be more enhanced. 

In this embodiment, the upper antiref lection film 16 is 
provided on the in-layer lens 15, and the lower antiref lection 
film 13 is provided below the in-layer lens 15. However, the 
present invention is not limited to this mode. For example, 
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only one of the upper antiref lection film 16 and the lower 
antiref lection film 13 may be provided. 

According to the solid-state image pickup device and the 
solid-state image pickup method of the present invention, the 
upper antiref lection film is formed between the color filter 
layer and the in-layer lens, the film being formed of the 
material having the refractive index which is an intermediate 
value between the refractive index of the color filter and the 
refractive index of the in-layer lens. Therefore, even when 
the difference in refractive index between the color filter 
layer and the in-layer lens is large, the color filter layer 
and the in-layer lens are not directly bonded to each other. 
Accordingly, there is no interface therebetween, and there 
exist only the interface between the color filter layer and the 
upper antiref lection film, the refractive index difference of 
which is smaller than the refractive index difference between 
the color filter layer and the in-layer lens, and the interface 
between the upper antiref lection film and the in-layer lens, 
the refractive index difference of which is also smaller than 
the refractive index difference between the color filter layer 
and the in-layer lens. Accordingly, the reflection occurring 
between the color filter layer and the in-layer lens in the 
prior art can be suppressed, whereby the light gathering 
efficiency can be enhanced and also the sensitivity of the 
solid-state image pickup device can be enhanced. 



Further, according to the solid-state image pickup device 
and the solid-state image pickup method of the present 
invention, the lower antiref lection film is formed between the 
in-layer lens and the interlayer film, the lower antiref lection 
film being formed of the material having the refractive index 
which is an intermediate value between the refractive index of 
the in-layer lens and the refractive index of the interlayer 
f ilm. Therefore, even when the difference in refractive index 
between the in-layer lens and the interlayer film is large, the 
in-layer lens and the interlayer film are not directly bonded 
to each other. Accordingly, there is no interface therebetween 
and there exist only the interface between the lower 
antiref lection film and the in-layer lens, the refractive index 
difference of which is smaller than the refractive index 
difference between the in-layer lens and the interlayer film, 
and the interface between the lower antiref lection film and the 
interlayer film, the refractive index difference of which is 
also smaller than the refractive index difference between the 
in-layer lens and the interlayer film. Accordingly, the 
reflection occurring between the in-layer lens and the 
interlayer film in the prior art can be suppressed, whereby the 
light gathering efficiency can be more enhanced and also the 
sensitivity of the solid-state image pickup device can be more 
enhanced. 
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